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(4–30	 species).	 Both	 scavenger	 richness	 and	 diversity	 also	 showed	 some	 seasonal	
variation.	However,	in	general,	climatic	variables	did	not	drive	latitudinal	patterns,	as	
scavenger	richness	and	diversity	were	not	affected	by	temperature	or	rainfall.	Rainfall	
seasonality	 slightly	 increased	 the	 number	 of	 species	 in	 the	 community,	 but	 its	 ef‐
fect	was	weak.	Instead,	the	human	impact	index	included	in	our	study	was	the	main	
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available	environmental	 energy,	 in	 accordance	with	 the	Productivity	
Hypothesis	(Pianka,	1966;	Willig	et	al.,	2003).	This	hypothesis	posits	









































2003)	 and	 removing	potential	 sources	of	 infectious	disease	 transmis‐
sion	(Ogada,	Torchin,	Kinnaird,	&	Ezenwa,	2012).	Among	all	scavenger	
species,	 vertebrate	 scavengers	 in	 general	 and	 obligate	 scavengers	 in	




























more	 stable	 and	 thus	 with	 lower	 seasonality	 (Physiological	 Tolerance	
Hypothesis),	 and	 warmer	 (Productivity	 Hypothesis,	 Physiological	
Tolerance	Hypothesis,	and	Evolutionary	Speed	Hypothesis).
Alternatively,	 vertebrate	 scavengers	 compete	 with	 microorgan‐
isms	and	invertebrates	for	carrion.	The	latter	species	may	benefit	from	










&	 Martínez‐Abraín,	 2013),	 as	 well	 as	 the	 predictability	 of	 carcasses	
available	 through	wild	 harvesting	 (Read	&	Wilson,	 2004),	 or	 artificial	
feeding	 stations	 (Cortés‐Avizanda	 et	 al.,	 2016),	 ultimately	 benefitting	
scavengers.	On	the	other	hand,	habitat	modification	and	loss,	or	direct	
persecution	may	reduce	the	population	viability	of	many	scavenger	spe‐
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2  | METHODS





Data	 originated	 from	 studies	 performed	 between	 1991	 and	 2018	
when	 carcasses	were	 located	 in	 the	 field	 (Figure	1;	Appendix	 S1).	
Carcass	monitoring	 in	 all	 study	 sites	met	 some	minimum	 require‐
ments	 to	 be	 included	 in	 the	 analyses.	 All	 carcasses	 were	 either	
fresh	or	had	been	frozen	while	fresh	prior	to	placement	in	the	field.	
Only	 studies	 using	 herbivore	 carcasses	 (e.g.,	 terrestrial	 ungulates,	













enger	 richness	 (measured	 as	 the	 total	 number	 of	 scavenger	 species	






















(spring	and	 summer,	N	 =	31).	However,	 for	 those	areas	where	 the	
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richness	and	diversity	(Table	1).	For	each	site,	we	extracted	five	vari‐
ables	linked	to	one	or	several	of	the	hypotheses	that	explained	the	








Surface	 Temperature	 (Weiss	 et	 al.,	 2014).	 The	 dataset	 for	 this	 tem‐
perature	 product	 is	Moderate	Resolution	 Imaging	 Spectroradiometer	




InfraRed	Precipitation	with	 Station	data	 (CHIRPS;	 Funk	et	 al.,	 2015),	
which	 is	 a	quasi‐global	gridded	 rainfall	 time	series	with	0.05°	 spatial	




















and	 (c)	 to	 reflect	 the	habitat	characteristics	of	 the	study	sites	at	
the	biogeographical	scale	without	dilution	from	nearby	areas	with	
different	 land	 uses.	 Because	 the	 climatic	 variables	 are	 derived	
from	a	model	and	have	a	large	spatial	resolution	(5	km),	we	did	not	
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expect	them	to	change	significantly	with	different	spatial	extents.	
However,	we	also	calculated	all	the	variables	using	a	10	and	30	km	












2015;	 Turner	 et	 al.,	 2017).	 Carcass	 size	 was	 categorized	 as:	 small	
(<2	kg),	medium	(2–10	kg),	and	large	(>10	kg)	adapted	from	Moleón	
et	al.	 (2015).	Sample	size	was	 included	because	higher	numbers	of	



















We	 then	 evaluated	 the	 relationships	 between	 scavenger	 rich‐
ness	and	diversity	and	macroecological	variables	critical	to	our	hy‐
potheses	using	GLMs.	To	do	so,	we	first	calculated	variance	inflation	









As	 the	 relationships	 between	 scavenger	 richness	 or	 diversity	
and	 our	 predictor	 variables	 could	 be	 nonlinear,	 we	 first	 compared	
linear	 and	 quadratic	 one‐predictor	models	 for	 latitude	 and	 for	 each	
macroecological	variable	and	our	dependent	variables	using	an	Akaike	
Information	Criteria	(AIC)‐based	model	selection.	We	used	this	infor‐















ing	monitoring	 (N	=	38),	 to	account	for	the	 imperfect	detection	of	the	
latter	methods.	Finally,	we	calculated	the	percent	of	explained	deviance	
(i.e.,	the	amount	of	variability	explained	by	the	model)	of	each	model.
To	 evaluate	 if	 carcass	 size,	 sample	 size	 and	 spatial	 autocovari‐
ance	affected	scavenger	richness	and	diversity,	we	fitted	one‐predic‐




























     |  3011SEBASTIÁN‐GONZÁLEZ ET AL.





enger	 richness	 included	 the	 variable	 describing	 human	 impact.	 HF	
was	the	main	factor	influencing	scavenger	richness	in	an	assemblage,	







S2,	Figure	S2.2).	Rainfall	 seasonality	was	also	 included	 in	 the	aver‐
aged	model	for	species	diversity,	but,	as	for	species	richness,	its	effect	
was	not	significant	(Figure	3b).	The	results	were	similar	at	the	other	











TA B L E  2  Scavenger	richness	and	diversity	(Shannon	diversity	
index)	of	vertebrate	scavenger	communities







12.4 ± 6.07 4–30 −0.001 0.536
Scavenger	
diversity
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4  | DISCUSSION
Our	 results	 provide	 evidence	 that	 human	 impact	 is	 a	 dominant	
factor	shaping	animal	communities	worldwide	 (Jetz	et	al..,	2007;	
Sebastián‐González	et	al.,	2015;	Tucker	et	al.,	2018).	The	human‐
related	 factor	was	 the	only	macroecological	 variable	 included	 in	
the	best	models	for	scavenger	richness.	Our	data	(Figure	3)	clearly	
show	 that	 regions	 with	 low	 human	 impact	 contained	 both	 spe‐
cies‐rich	 and	 species‐poor	 vertebrate	 scavenger	 assemblages,	
while	highly	developed	areas	always	had	low	vertebrate	scavenger	
species.	HF	combines	 information	on	human	population	density,	
harvest,	 livestock,	 land	 use,	 land	 change,	 and	 human	 accessibil‐
ity.	 All	 of	 these	 factors	 are	 known	 to	 affect	 vertebrates	 (e.g.,	
Tucker	et	al.,	2018),	 to	predict	extinction	 risk	 (Di	Marco,	Venter,	
Possingham,	&	Watson,	 2018),	 and	 to	 negatively	 affect	 particu‐























































































and	 fragmentation,	 pollution,	 or	 direct	 persecution	 (e.g.,	Huijbers,	
Schlacher,	Schoeman,	Weston,	&	Connolly,	2013;	Lambertucci	et	al.,	








4.2 | Lack of support for latitudinal hypotheses
In	general,	the	hypotheses	previously	proposed	to	explain	latitudinal	
patterns	in	species	richness	were	not	supported	by	our	data,	as	scav‐
enger	 richness	and	diversity	were	not	 affected	by	 temperature	or	
rainfall.	Rainfall	seasonality	slightly	increased	the	number	of	species	
in	 the	community,	contrary	 to	 the	predictions	of	 the	Physiological	
Tolerance	Hypothesis	(Currie	et	al.,	2004).	However,	its	effect	was	




temperatures	 are	 linked	 to	 increased	 productivity	 or	 evolutionary	
speed	 (Allen	 et	 al.,	 2002;	Currie	 et	 al.,	 2004;	 Pianka,	 1966;	Willig	
et	al.,	2003),	which	may	lead	to	higher	scavenger	richness.	However,	at	
the	same	time,	high	temperatures	may	be	enhancing	the	competitive	
interactions	 of	 vertebrates	with	microorganisms	 and	 invertebrates,	
because	the	latter	are	benefitted	from	warm	temperatures	(DeVault	









casses	 are	 detected	 faster	 and	 consumed	 at	 higher	 rates,	 but	 the	
longer	availability	of	 the	carrion	 resource	permits	 its	consumption	
by	a	 larger	number	of	 scavenger	species	compared	 to	smaller	car‐
casses,	which	are	usually	consumed	entirely	by	a	 single	 scavenger	
(Moleón	 et	 al.,	 2015).	 Moreover,	 large	 carcasses	 also	 allow	 niche	
specialization	where	different	species	utilize	different	carcass	parts	
(e.g.,	 lappet‐faced	 vultures	 Torgos tracheliotos	 feeding	 on	 skin	 and	
Egyptian	vultures	eating	remains	on	bones).	Interestingly,	in	contrast	
to	species	richness,	scavenger	diversity	reached	the	highest	values	
in	medium‐sized	 carcasses,	maybe	because	of	 the	 lower	 ability	 of	
large	dominant	scavengers	(i.e.,	top	predators	and	vultures)	to	gather	
at	 such	 carcasses	 and	exclude	other	 species	 (Moleón	et	 al.,	 2015;	
Pardo‐Barquín,	 Mateo‐Tomás,	 &	 Olea,	 2019).	 Besides,	 top	 preda‐
tors	 and	 vultures	 can	 frequently	monopolize	 large	 carcasses,	 thus	






factors	may	 be	 increasing	 the	 scavenger	 richness	 and	 diversity	 in	
the	cold	season.	For	example,	the	cold	season	typically	has	less	food	
resources	and	harsher	climatic	conditions	in	temperate	ecosystems	
(e.g.,	 Selva	&	Fortuna,	2007).	This	 is	 reflected	 in	 greater	 availabil‐
ity	of	carrion	 through	natural	deaths	and	a	higher	number	of	 spe‐




as	 a	 resource.	 Also,	 in	 highly	 seasonal	 areas,	 facultative	 scaven‐
gers	may	be	more	predatory	during	the	productive	season	because	
prey	 is	 more	 easily	 available	 (e.g.,	 vulnerable	 neonates,	 migrating	
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species),	and	so	they	may	be	less	dependent	on	scavenging	(Pereira,	





regions	 tends	 to	peak	at	 the	end	of	 the	dry	 season	 (Pereira	et	al.,	
2014).	 However,	 the	 differences	 in	 resource	 availability	 between	
wet	and	dry	seasons	may	be	less	extreme	than	in	regions	where	the	
seasons	are	 characterized	by	cold	and	warm	periods,	 especially	 in	
areas	where	long‐distance	ungulate	migrations	are	absent	or	artifi‐
cially	prevented.
4.5 | Caveats and future directions
We	only	considered	a	species	to	be	a	scavenger	in	a	region	if	it	was	
documented	 consuming	 carrion	 during	 one	 of	 the	 experimental	
studies	used	 in	our	analyses	 (Appendix	S1).	Our	approach	 thus	 ig‐
nores	other	species	known	to	be	present	in	the	areas	that	are	likely	
scavengers,	 such	as	 species	 that	 are	 known	 from	other	 studies	 to	
consume	 carrion.	 An	 alternative	 approach	 would	 be	 to	 use	 lists	
of	 scavenger	 species	present	 in	different	 regions	 rather	 than	only	
those	 species	 documented	 to	 scavenge	 during	 our	 evaluations	 of	
carcass	consumption.	This	alternative	approach	might	eliminate	the	








portions	of	 its	 range	due	 to	 changing	dietary	 choices	 or	 competi‐


























study.	We	 also	 acknowledge	 that	 the	 population	 and	 community	
metrics	 of	 abundance,	 richness,	 and	 diversity	 can	 often	 obscure	





The	 spatial	 resolution	of	 the	 climate	 (rainfall	 and	 temperature)	
datasets	 was	 low	 and	 heterogeneous.	 Low	 spatial	 resolution	 and	
imbalanced	scale	 in	 remote‐sensing	data	can	propagate	noise	 into	
models	 and	 mask	 local‐level	 effects	 of	 environmental	 conditions,	
which	may	negatively	impact	the	percentage	of	explained	deviance	















Finally,	 despite	 considerable	 effort	 invested	 in	 searching	 for	
data	 on	 scavenger	 assemblages,	 our	 dataset	 is	 clearly	 unbalanced	
in	space.	There	 is	an	overrepresentation	of	study	sites	 in	Western	
Europe	 and	 the	 United	 States,	 whereas	 other	 regions	 such	 as	








assessed	 in	 this	 study	are	 located	 in	human‐dominated	areas,	 and	
we	 lack	sites	 from	the	most	diverse	regions	 in	 the	planet.	Despite	
having	an	unbalanced	sample	distribution	toward	areas	 in	 temper‐
ate	 latitudes,	 the	 importance	 of	 HF	 over	 climatic	 and	 latitudinal	
factors	could	be	expected	to	increase	with	a	more	balanced	sample	
since	most	of	the	study	sites	considered	are	located	in	regions	with	
higher	human	pressure	 than	underrepresented	 regions	 (e.g.,	 tropi‐
cal	and	subtropical	biomes).	Thus,	more	complete	gradients	of	 the	











species	 live,	 reducing	 the	 quality	 and	 efficiency	 of	 the	 ecosystem	




globally	 endangered	 scavengers	 (vultures,	 raptors,	 and	 top	 preda‐
tors)	 threatened	 by	 poisoning,	 veterinary	 drugs,	 persecution,	 and	
mortality	associated	with	 infrastructures	 (power	 lines,	wind	farms,	
and	 roads;	 e.g.,	 Botha	 et	 al.,	 2017).	 Furthermore,	 actions	 favoring	
traditional	 extensive	 farming	 systems	 and	 strengthening	 the	 link	
between	 farmers	 and	 nature	 can	 be	 a	 strategic	 tool	 for	 fostering	
positive	 perceptions	 of	 scavengers	 (Morales‐Reyes	 et	 al.,	 2018),	
and	 promoting	 their	 conservation	 and	 the	 ecosystem	 services	
they	provide.	Both	actions	match	within	 the	strategic	goals	of	UN	








Govern	de	 les	 Illes	Balears	 (PD/039/2017),	and	MM	by	a	Ramón	y	
Cajal	 contract	 (MEC;	 RYC‐2015‐19231).	 EA	 was	 supported	 by	 La	
Caixa‐Severo	Ochoa	International	PhD	Program	2015.	NS	was	partly	
supported	by	 the	National	Science	Centre	 in	Poland	 (2013/08/M/
NZ9/00469).	 SAL	 thanks	 PICT	 (BID)	 0725/2014.	 MK	 and	 KJ	
were	 supported	 by	 the	 Slovenian	 Research	 Agency	 (P4‐0059).	
Contributions	 of	 KT	 and	 JCB	 were	 partially	 supported	 through	
funding	from	U.S.	Department	of	Agriculture,	the	U.S.	Department	
of	 Energy	 under	 (DE‐EM0004391)	 to	 the	 University	 of	 Georgia	
Research	Foundation.	EB	and	EF	were	supported	by	the	USA	National	
Science	 Foundation.	 CK	 completed	 study	 under	 research	 permit	
NCST/5/002/R/448	with	support	from	Hawk	Mountain	Sanctuary,	
The	Peregrine	Fund,	and	via	Pompeo	M.	Maresi	Memorial	Fund	via	
Princeton	 University.	 JAS	 and	 CCW	 were	 supported	 by	 the	 USA	
National	Science	Foundation	#1255913	and	the	Gordon	and	Betty	
Moore	Foundation.	Several	authors	were	funded	by	funds	from	the	
MEC	 (CGL2012‐40013‐C02‐01/02,	 CGL2015‐66966‐C2‐1‐R	 and	
CGL2017‐89905‐R)	and	from	the	Junta	de	Andalucía	 (RNM‐1925).	
We	are	 grateful	 to	Orr	 Spiegel	 and	 two	anonymous	 reviewers	 for	
very	constructive	reviews.
ORCID
Esther Sebastián‐González  https://orcid.org/0000‐0001‐7229‐1845 
Patricia Mateo‐Tomás  https://orcid.org/0000‐0001‐6762‐9514 
Nuria Selva  https://orcid.org/0000‐0003‐3389‐201X 
Camilla Wikenros  https://orcid.org/0000‐0002‐2825‐8834 
Heiko U. Wittmer  https://orcid.org/0000‐0002‐8861‐188X 
Miha Krofel  https://orcid.org/0000‐0002‐2010‐5219 
Arockianathan Samson  https://orcid.org/0000‐0002‐0804‐7941 












Anadón,	 J.	 D.,	 Sánchez‐Zapata,	 J.	 A.,	 Carrete,	 M.,	 Donázar,	 J.	 A.,	 &	
Hiraldo,	 F.	 (2010).	 Large‐scale	 human	 effects	 on	 an	 arid	 African	
raptor	 community.	 Animal Conservation,	 13,	 495–504.	 https	://doi.
org/10.1111/j.1469‐1795.2010.00369.x




of	 hunting	 on	 tropical	mammal	 and	 bird	 populations.	Science,	356,	
180–183.	https	://doi.org/10.1126/scien	ce.aaj1891
Bivand,	R.	(2015).	Spatial	dependence:	Weighting	schemes,	statistics	and	
models.	 Retrieved	 from	 https	://cran.r‐proje	ct.org/web/packa	ges/
spdep/	spdep.pdf
Bogoni,	 J.	 A.,	 Cherem,	 J.	 J.,	 Hettwer	Giehl,	 E.	 L.,	Oliveira‐Santos,	 L.	
G.,	 de	Castilho,	P.	V.,	 Picinatto	Filho,	V.,	…	Graipel,	M.	E.	 (2016).	
Landscape	 features	 lead	 to	 shifts	 in	 communities	 of	medium‐	 to	
large‐bodied	 mammals	 in	 subtropical	 Atlantic	 Forest.	 Journal of 
Mammalogy,	 97,	 713–725.	 https	://doi.org/10.1093/jmamm	al/
gyv215
Botha,	 A.,	 Andevski,	 J.,	 Bowden,	 C.	 G.	 R.,	 Gudka,	 M.,	 Safford,	 R.	 J.,	
Tavares,	 J.,	 &	Williams,	 N.	 P.	 (2017).	 Multi‐species	 Action	 Plan	 to	




Looming	 extinctions,	 trophic	 cascades,	 and	 loss	 of	 critical	 ecosys‐
tem	 functions.	 Biological Conservation,	 198,	 220–228.	 https	://doi.
org/10.1093/jmamm al/gyv215
Chao,	A.,	Gotelli,	N.,	Hsieh,	T.	C.,	 Sander,	E.,	Ma,	K.	H.,	Colwell,	R.	K.,	
&	 Ellison,	 A.	 M.	 (2014).	 Rarefaction	 and	 extrapolation	 with	 Hill	
numbers:	 A	 framework	 for	 sampling	 and	 estimation	 in	 species	
3016  |     SEBASTIÁN‐GONZÁLEZ ET AL.
diversity	 studies.	 Ecological Monographs,	 84,	 45–67.	 https	://doi.
org/10.1890/13‐0133.1
Cortés‐Avizanda,	A.,	Blanco,	G.,	DeVault,	T.	L.,	Markandya,	A.,	Virani,	M.	
Z.,	Brandt,	 J.,	&	Donázar,	 J.	A.	 (2016).	 Supporting	 feeding	 and	 en‐
dangered	species:	Benefits,	 caveats,	and	controversies.	Frontiers in 
Ecology and the Environment,	14(4),	191–199.	https	://doi.org/10.1002/
fee.1257
Currie,	 D.	 J.	 (1991).	 Energy	 and	 large‐scale	 patterns	 of	 animal	 and	
plant‐species	 richness.	American Naturalist,	137,	 27–49.	https	://doi.
org/10.1086/285144
Currie,	 D.	 J.,	Mittelbach,	 G.	 G.,	 Cornell,	 H.	 V.,	 Field,	 R.,	 Guegan,	 J.‐F.,	
Hawkins,	 B.	 A.,	 …	 Turner,	 J.	 R.	 G.	 (2004).	 Predictions	 and	 tests	
of	 climate‐based	 hypotheses	 of	 broad‐scale	 variation	 in	 tax‐
onomic	 richness.	 Ecology Letters,	 7,	 1121–1134.	 https	://doi.
org/10.1111/j.1461‐0248.2004.00671.x
DeVault,	 T.	 L.,	 Beasley,	 J.	 C.,	 Olson,	 Z.	 H.,	 Moleón,	 M.,	 Carrete,	 M.,	
Margalida,	 A.,	 &	 Sánchez‐Zapata,	 J.	 A.	 (2016).	 Ecosystem	 services	
provided	by	avian	scavengers.	In	C.	H.	Şekercioğlu,	D.	G.	Wenny,	&	












Changes	 in	 human	 footprint	 drive	 changes	 in	 species	 extinction	
risk.	 Nature Communications,	 9,	 1–9.	 https	://doi.org/10.1038/
s41467‐018‐07049‐5
Dirzo,	R.,	 Young,	H.	 S.,	Galletti,	M.,	Ceballos,	G.,	Nick,	 J.	B.,	&	Collen,	
B.	(2014).	Defaunation	in	the	Anthropocene.	Science,	345,	401–406.	
https	://doi.org/10.1126/scien	ce.1251817
Dynesius,	 M.,	 &	 Jansson,	 R.	 (2000).	 Evolutionary	 consequences	 of	
changes	in	species	geographical	distributions	driven	by	Milankovitch	
climate	oscillations.	Proceedings of the National Academy of Sciences of 
the United States of America,	97,	9115–9120.	https	://doi.org/10.1073/
pnas.97.16.9115
Fox,	J.,	&	Weisberg,	S.	(2011).	An R companion to applied regression	(2nd	
edn.).	Thousand	Oaks,	CA:	SAGE	Publications.
Funk,	C.,	Peterson,	P.,	Landsfeld,	M.,	Pedreros,	D.,	Verdin,	J.,	Shukla,	S.,	
…	Michaelsen,	 J.	 (2015).	The	climate	hazards	 infrared	precipitation	
with	stations—A	new	environmental	record	for	monitoring	extremes.	
Scientific Data,	2(1).	https	://doi.org/10.1038/sdata.2015.66
Hawkins,	 B.	 A.,	 Field,	 R.,	 Cornell,	 H.	 V.,	 Currie,	 D.	 J.,	 Guégan,	 J.‐F.,	
Kaufman,	D.	M.,	…	Turner,	J.	R.	G.	(2003).	Energy,	water,	and	broad‐
scale	 geographic	 patterns	 of	 species	 richness.	 Ecology,	 84,	 3105–
3117.	https	://doi.org/10.1890/03‐8006
Henriques,	 M.,	 Granadeiro,	 J.	 P.,	 Monteiro,	 H.,	 Nuno,	 A.,	 Lecoq,	 M.,	
Cardoso,	 P.,	 …	 Catry,	 P.	 (2018).	 Not	 in	wilderness:	 African	 vulture	
strongholds	 remain	 in	 areas	 with	 high	 human	 density.	 PLoS ONE,	
13(1),	e0190594.	https	://doi.org/10.1371/journ	al.pone.0190594
Hillebrand,	 H.	 (2004).	 On	 the	 generality	 of	 the	 latitudinal	 diver‐
sity	 gradient.	 American Naturalist,	 163,	 192–211.	 https	://doi.
org/10.1086/381004
Huijbers,	 C.	 M.,	 Schlacher,	 T.	 A.,	 Schoeman,	 D.	 S.,	 Weston,	 M.	 A.,	 &	
Connolly,	R.	M.	(2013).	Urbanisation	alters	processing	of	marine	car‐




Jetz,	W.,	Wilcove,	D.	 S.,	&	Dobson,	A.	P.	 (2007).	Projected	 impacts	of	
climate	 and	 land‐use	 change	 on	 the	 global	 diversity	 of	 birds.	PLoS 
Biology,	5(6),	e157.	https	://doi.org/10.1371/journ	al.pbio.0050157
Lambertucci,	 S.,	 Navarro,	 J.,	 Sánchez‐Zapata,	 J.	 A.,	 Hobson,	 K.	 A.,	
Alarcón,	 P.,	 Wiemeyer,	 G.,	 …	 Donázar,	 J.	 A.	 (2018).	 Tracking	 data	
and	retrospective	analyses	of	diet	 reveal	 the	consequences	of	 loss	
of	marine	 subsidies	 for	 an	obligate	 scavenger,	 the	Andean	 condor.	




raptors?	 Biodiversity and Conservation,	 18,	 2063–2074.	 https	://doi.
org/10.1007/s10531‐008‐9573‐3
Markandya,	 A.,	 Taylor,	 T.,	 Longo,	 A.,	 Murty,	 M.	 N.,	 Murty,	 S.,	 &	
Dhavala,	 K.	 (2008).	 Counting	 the	 cost	 of	 vulture	 decline	 –	An	 ap‐
praisal	of	the	human	health	and	other	benefits	of	vultures	in	India.	
Ecological Economics,	 67,	 194–204.	 https	://doi.org/10.1016/j.ecole	
con.2008.04.020
Mateo‐Tomás,	P.,	&	Olea,	P.	P.	(2015).	Livestock‐driven	land	use	change	
to	 model	 species	 distributions:	 Egyptian	 vulture	 as	 a	 case	 study.	









ing. Diversity and Distributions,	21,	913–924.	https	://doi.org/10.1111/
ddi.12330 
Mateo‐Tomás,	P.,	Olea,	P.	P.,	Selva,	N.,	&	Sánchez‐Zapata,	 J.	A.	 (2018).	
Species	and	 individual	 replacements	contribute	more	 than	nested‐
ness	 to	 shape	 vertebrate	 scavenger	 metacommunities.	 Ecography,	
42(2),	365–375.	https	://doi.org/10.1111/ecog.03854	
Moleón,	 M.,	 Martínez‐Carrasco,	 C.,	 Muellerklein,	 O.	 C.,	 Getz,	 W.	 M.,	
Muñoz‐Lozano,	 C.,	 &	 Sánchez‐Zapata,	 J.	 A.	 (2017).	 Carnivore	 car‐
casses	are	avoided	by	carnivores.	Journal of Animal Ecology,	86,	1179–
1191.	https	://doi.org/10.1111/1365‐2656.12714	
Moleón,	M.,	 Sánchez‐Zapata,	 J.	 A.,	Margalida,	 A.,	 Carrete,	M.,	 Owen‐
Smith,	 N.,	 &	 Donázar,	 J.	 A.	 (2014).	 Humans	 and	 scavengers:	 The	
evolution	 of	 interactions	 and	 ecosystem	 services.	 BioScience,	 64,	
394–403.	https	://doi.org/10.1093/biosc	i/biu034




Moore,	 J.	 C.,	 Berlow,	 E.	 L.,	 Coleman,	 D.	 C.,	 Ruiter,	 P.	 C.,	 Dong,	 Q.,	
Hastings,	 A.,	 …	 Wall,	 D.	 H.	 (2004).	 Detritus,	 trophic	 dynam‐
ics	 and	 biodiversity.	 Ecology Letters,	 7,	 584–600.	 https	://doi.
org/10.1111/j.1461‐0248.2004.00606.x
Morales‐Reyes,	 M.,	 Martín‐López,	 B.,	 Moleón,	 M.,	 Mateo‐Tomás,	 P.,	
Botella,	F.,	Margalida,	A.,	…	Sánchez‐Zapata,	J.	A.	(2018).	Farmer	per‐
ceptions	of	 the	ecosystem	 services	provided	by	 scavengers:	What	
who	 and	 to	 whom.	 Conservation Letters,	 11,	 e12392.	 https	://doi.
org/10.1111/conl.12392 






effects	and	human	 impact	on	 the	elevational	 species	 richness	gra‐
dients.	Nature,	453,	216–220.	https	://doi.org/10.1038/natur	e06812
     |  3017SEBASTIÁN‐GONZÁLEZ ET AL.
O'Bryan,	C.	J.,	Braczkowski,	A.	R.,	Beyer,	H.	L.,	Carter,	N.	H.,	Watson,	J.	
E.	M.,	&	McDonald‐	Madden,	E.	(2018).	The	contribution	of	predators	











A.	 (2013).	 Ecological	 and	 evolutionary	 implications	 of	 food	 sub‐




scavenging	 communities.	 Basic and Applied Ecology,	 34,	 126–139.	
https	://doi.org/10.1016/j.baae.2018.08.005




Pianka,	 E.	 R.	 (1966).	 Latitudinal	 gradients	 in	 species	 diversity:	 A	 re‐
view	 of	 concepts.	 American Naturalist,	 100,	 33–46.	 https	://doi.
org/10.1086/282398
R	Development	 Core	 Team.	 (2017).	 R: A language and environment for 
statistical computing.	 Vienna,	 Austria:	 R	 Foundation	 for	 Statistical	
Computing.
Ray,	 R.‐R.,	 Seibold,	 H.,	 &	 Heurich,	 M.	 (2014).	 Invertebrates	 outcom‐
pete	vertebrate	facultative	scavengers	in	simulated	lynx	kills	 in	the	










C.‐J.,	 …	 Toll,	 D.	 (2004).	 The	 global	 land	 data	 assimilation	 system.	
Bulletin of the American Meteorological Society,	85(3),	381–394.	https	
://doi.org/10.1175/BAMS‐85‐3‐381
Schluter,	 D.	 (2016).	 Speciation,	 ecological	 opportunity,	 and	 latitude.	
American Naturalist,	187,	1–18.	https	://doi.org/10.1086/684193
Sebastián‐González,	 E.,	 Dalsgaard,	 B.,	 Sandel,	 B.,	 &	 Guimarães,	 P.	
R.	 (2015).	 Macroecological	 trends	 in	 nestedness	 and	 modular‐
ity	 in	 seed‐dispersal	 networks:	 Human	 impact	 matters.	 Global 
Ecology and Biogeography,	 24,	 293–303.	 https	://doi.org/10.1111/
geb.12270 
Sebastián‐González,	 E.,	 Moleón,	 M.,	 Gibert,	 J.	 P.,	 Botella,	 F.,	 Mateo‐
Tomás,	 P.,	 Olea,	 P.	 P.,	 …	 Sánchez‐Zapata,	 J.	 A.	 (2016).	 Nested	




community. Proceedings of the Royal Society of London, Series B,	274,	
1101–1108.	https	://doi.org/10.1098/rspb.2006.0232
Tucker,	 M.	 A.,	 Böhning‐Gaese,	 K.,	 Fagan,	 W.	 F.,	 Fryxell,	 J.	 M.,	 Van	
Moorter,	 B.,	 Alberts,	 S.	 C.,	 …	 Mueller,	 T.	 (2018).	 Moving	 in	 the	
Anthropocene:	Global	reductions	 in	terrestrial	mammalian	move‐













remotely	 sensed	 time‐series.	 ISPRS Journal of Photogrammetry 




Reviews in Ecology, Evolution and Systematics,	34,	 273–309.	 https	://
doi.org/10.1146/annur	ev.ecols	ys.34.012103.144032
Wilson,	 D.,	 &	 Read,	 J.	 L.	 (2003).	 Kangaroo	 harvesters:	 Fertilizing	 the	
rangelands.	 Rangeland Journal,	 25,	 47–55.	 https	://doi.org/10.1071/
RJ03007
Wilson,	 E.	 E.,	&	Wolkovich,	 E.	M.	 (2011).	 Scavenging:	How	 carnivores	
and	carrion	structure	communities.	Trends in Ecology & Evolution,	26,	
129–135.	https	://doi.org/10.1016/j.tree.2010.12.011
Wright,	D.	H.	 (1983).	 Species‐energy	 theory:	An	extension	of	 species‐
area	theory.	Oikos,	41,	496–506.	https	://doi.org/10.2307/3544109
Zuur,	A.	F.,	Ieno,	E.	N.,	&	Elphick,	C.	S.	(2010).	A	protocol	for	data	exploration	
to	avoid	common	statistical	problems.	Methods in Ecology and Evolution,	
1,	3–14.	https	://doi.org/10.1111/j.2041‐210X.2009.00001.x
SUPPORTING INFORMATION
Additional	 supporting	 information	 may	 be	 found	 online	 in	 the	
Supporting	Information	section	at	the	end	of	the	article.					
How to cite this article:	Sebastián‐González	E,	Barbosa	JM,	
Pérez‐García	JM,	et	al.	Scavenging	in	the	Anthropocene:	
Human	impact	drives	vertebrate	scavenger	species	richness	at	
a	global	scale.	Glob Change Biol. 2019;25:3005–3017. https	://
doi.org/10.1111/gcb.14708 
